This invited talk will discuss some major issues in developing visual interfaces for mobile devices as well as demonstrate a number of new mobile visual applications and interaction techniques that we have developed in domains as diverse as tourism, health & fitness, navigation, emergency response, geospatial and architectural visualization. It will also deal with the issue of providing designers with new tools to study the behavior of users of these new mobile applications.
Contents of the talk
Mobile devices such as mobile phones and PDAs are increasingly used to support information needs of users on the move. As a consequence, information spaces that have been traditionally available only to desktop and laptop users (e.g., documents, pictures, web pages, maps, large databases,…) are moving to small screens as well, presenting application designers with new challenges. Indeed, the technical limitations of mobile devices combined with the peculiar needs of users on-the-go require a careful design of applications that are specifically thought for mobile devices and users [1] . As an example, the common form factors of mobile devices constrain screen space to a small fraction of what is available on a desktop. A typical 240x320 pixels display of a PDA has less than 1/16 the area of a typical 1280x1024 desktop display (see Fig. 1 ). Such size limitation makes it extremely difficult for users to navigate information spaces that do not fit a single screen, unless appropriate techniques to simplify interaction and navigation are provided. Figure 1 Comparison between the size of a typical 240x320 PDA screen (the area highlighted by the black rectangle) and a common 1280x1024 desktop screen (the whole picture).
The recent availability of mobile devices with increasingly powerful graphics capabilities is making it possible to develop novel visual interfaces, based on interactive 2D (or even 3D) graphics, to help users on the move in dealing more quickly and easily with larger amounts of information. Limited cognitive resources and safety of mobile users are an additional motivation to employ mobile graphics effectively as a way to provide information at-a-glance that is easily understood with less cognitive resources and distracts the user as less as possible from her surrounding environment. Mobile visual interfaces become even more innovative and provide functionalities that were unavailable on desktop systems when they are integrated with various sensors (e.g., GPS, accelerometers, heart rate monitors, pulseoximeters,...) that allow one to adapt the behavior of the application according to position in space (location-awareness) and other parameters (context-awareness). In this way, the mobile device becomes able to choose what to show and how to show it on the display based on what is happening to the user as well as the physical world that surrounds her. For example, we developed a mobile personal trainer (see Fig. 2 ), called MOPET [2] , that monitors user's position and physiological parameters in outdoor sports activities to present functionalities such as location-aware maps augmented with visualizations of users' performance or context-aware fitness advice and 3D demonstrations of exercises. Figure 2 A wrist-worn context-aware system supports a user in outdoor fitness activities [2] This invited talk will discuss some major issues in developing visual interfaces for mobile devices as well as demonstrate a number of new mobile applications and interaction techniques that we have developed in domains as diverse as tourism [3] , health & fitness [2] , navigation [4] , emergency evacuation [5] , geospatial and architectural visualization [6] . After an initial discussion of the peculiarities of the mobile context that motivate research, we will analyze some of the issues involved in designing a mobile visual interface, especially focusing on the so-called presentation problem [1, 7, 8, 9] . The talk will illustrate a number of interaction and visualization solutions we have recently proposed and evaluated on users, such as the Zoom-Enhanced Navigator (ZEN) to explore information spaces on small screens [4] , the MAGDA system to analyze datasets of geo-referenced elements in the field [3] , and specific techniques for managing the off-screen objects [10] and the icon cluttering [11] problems. Then, location-awareness and contextawareness aspects will be introduced, considering very different application domains such as fitness training [2] or emergency response [5] , and applications based on different kinds of sensors. Finally, the talk will deal with the issue of providing designers with new tools to study the behavior of users of these new mobile applications. In particular, it will illustrate three different tools we have recently proposed for that purpose: the MOBREX tool [12] to log user interface actions on the mobile device and then visually analyze them on a desktop system, the VU-Flow [13] and the MOPET Analyzer [14] tools for the visual analysis of users' data collected through sensors connected to mobile devices.
